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(57) ABSTRACT 

A heat exchanger and method of making same includes a 
plate extending longitudinally. The heat exchanger also 
includes a plurality of apertures forming a fluid inlet and a 
fluid outlet extending through the plate. The heat exchanger 
further includes a mechanism forming a restriction to fluid 
flow through either one of the fluid inlet or the fluid outlet. 

6 Claims, 3 Drawing Sheets 
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HFAT EXCHANGER AND METHOD OF SUMMARY OF THE INVENTION 

MAKING SAME Accordingly, the present invention is a heat exchanger 

including a plate extending longitudinally and a plurality of 

BACKGROUND OF THE INVENTION plurality of apertures forming a fluid inlet and a fluid outlet 

i r- i-i r .u t 5 extending through the plate. The heat exchanger also 

1. Field of the Invention . , . 6 , 6 . f r * . • , a a a 

includes a mechanism forming a restriction to fluid flow 

The present invention relates generally to heat exchangers through either one of the fluid inlet or the fluid outlet, 

and, more specifically, to a manifold and/or refrigerant plate Mso ^ the present mvent i on j s a met hod of making a heal 

and method of making same for a heat exchanger in a motor exchanger. The method includes the steps of providing a 

vehicle. 10 plate extending longitudinally and forming a plurality of 

2;-Description-of-tbe-ReIated,Art. ~— — — s apertures in the plate and forming a fluid inlet and a fluid 

Jt isJNmn*^ nG met ? 10d ak0 includes the ste P„ of formin & a 

an plates to fl " ld floW thr0U * h either ° ne ° f lhe fluid inlel 

carrya'first fluid medium in contact with an iaterior thereof or e ui ou e . 

while a second fluid medium contacls an exterior thereof. 15 °° e advantage of the present mvention is that a heal 

Typically, the first fluid medium is a refrigerant and the exchanger such as an evaporator >s provided for use in a 

second fluid medium is air. Where a temperature difference r^ v< L A S° ther of ( me P rese " 1 » 

exists between the first and second fluid mediums, heat will that .f, J" ' «ch«8« » ™ ™ « ' a back side of a 

be transferred between the two via heat conductive walls of man ' fold and or refrigerant plate that is either cross-shaped, 

the lates 20 rou or ^^pk apertures. Yet another advantage or the 

" ' . present invention is that the heat exchanger has a restriction 

It is also known to provide beaded plates tor a heat that improves the refrigerant flow distribution inside the heal 

exchanger in which beads define a plurality of passageways exchange r by restricting the flow in the flow header or tank, 

between the plates for movement of a fluid therethrough to sm anothcr advantage of the prcsenl invention is that the 

increase the surface area of conductive material available for hea , exchanger has improved flow distribution using mul- 

heat transit* and to cause turbulence of the fluid carried in tipk apcrUircs for a p i atc . fin heat exchanger such as an 

a channel between the plates. An example of such a heat evaporator. A further advantage of the present invention is 

exchanger is disclosed in U.S. Pat. No. 4,600,053. In this that lhc heat cxchang cr improves heat transfer by improving 

patent, each of the plates has a plurality of beads formed refrigerant flow distribution and enhancing flow mixing 

thereon with one plate having one distinct variety of beads ifiside the flow header Qf tank Yet a farther advantage of the 

and the other plate having another distinct variety of beads. present invention ^ that a metho d of making the heat 

The beads of the plates contact each other and are bonded exchanger is provided with either a cross-shaped, round 

together to force fluid to flow therearound. aperture or multiple aperture restriction in the back side 

Performance of heat exchanger cores such as evaporator thereof, 

cores has been directly linked to refrigerant flow distribution 35 other features and advantages of the present invention 

through the core. This includes the flow distribution in a flow ^ be rcadily appreciated, as the same becomes better 

header or tank and a tube or plate areas. It is known that an understood after reading the subsequent description taken in 

effective way of generating a more uniform flow through the conjunction with the accompanying drawings, 
channel is by using a large plenum area upstream of the 

channel. Therefore there is a need in the art to enhance the ^ BRIEF DESCRIPTION OF THE DRAWINGS 

thermal performance in the heat exchanger core through the FIG. 1 is a fragmentary elevational view of a heat 

enhancement of coolant flow distribution inside the core. exchanger, according to the present invention. 

The effectiveness of the refrigerant flow distribution FIG. 2 is a sectional view taken along line 2 — 2 of FIG. 

through the core is measured by the thermal performance, 1. 

refrigerant pressure drop, and infrared thermal image of the 45 FIG. 3 is a view similar to FIG. 2 of another embodiment, 

core skin temperature. Non-uniform distribution of flow according to the present invention, of the heat exchanger of 

starts at the flow header or tank area of the core. FIG. 1. 

Hie refrigerant pressure drop inside the core is controlled FIG. 4 is a view similar to FIG. 2 of yet another 

by several factors: heat transfer from the core to the air; flow embodiment, according to the present invention, of the heat 

restriction inside the core; non-uniform distribution of the 50 exchanger of FIG. 1. 

refrigerant inside the core; and the change of phase from FIG. 5 is a graph of heat exchanger core performance as 

liquid to vapor because vapor has a higher pressure drop. a function of an inlet/outlet restriction for a manifold of the 

The pressure drop can increase significantly when any heat exchanger of FIG. 2. 

combination or all of these factors are taking place together. FIG. 6 is a graph of heat exchanger core refrigerant 

Therefore, there is a need in the art to provide a heat 55 pressure drop as a function of an inlet/outlet restriction for 

exchanger with increased core thermal capacity, minimum a manifold of the heat exchanger of FIG. 2. 

increase in refrigerant pressure drop and minimum air FIG. 7 is a graph of heat exchanger core performance as 

temperature non-uniformity. a function of an inlet/outlet restriction for a manifold of the 

Therefore, it is desirable to restrict the flow in a back side heat exchanger of FIG. 3. 

of a manifold and/or refrigerant plate to improve refrigerant 60 piG. 8 is a graph of heat exchanger core refrigerant 
flow distribution inside a heat exchanger. It is also desirable- pressure drop as a function of an inlet/outlet restriction for 

to provide a manifold and/or refrigerant plate for a heat a manifold of the heat exchanger of FIG. 3. 
exchanger having a restriction to refrigerant in the heat 

exchanger. It is further desirable to provide a manifold DESCRIPTION OF TOEPREFERRED 

and/or refrigerant plate having a restriction for a heat 65 ,3--^---^--^^ r --pr7~— r-- 

exchanger that improves refrigerant flow distribution inside ^--^ij^fe ^ ^f ^ j ^ j jSj^^^^^SaSS ^L^^^B^r ^jg n 1 ^ art ^p 1J ^ a r r PI G > l..jo.ne 

the heat exchanger. J^pSsm^^ 
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J nvgn tioji, such as^^B^^^fiP^^S^^^^^^^ 6115 ^^ 15 
j^SSSw^^ heat exchanger 

SlO includes a plurality-of generally parallel beaded plates 12, 
pairs of which are joined together in a face-to-face relation- 
ship to provide a channel 14 therebetween. The heat 
exchanger 10 also includes a plurality of convoluted or 
serpentine fins 16 attached an exterior of each of the beaded 
plates 12. The fins 16 are disposed between each pair of the 
joined beaded plates 12 to form a stack. The fins 16 serve as 
a means for conducting heat away from the beaded plates 12 
while providing additional surface area for convective heat 
transfer by air flowing over the heat exchanger 10. The heat 
exchanger 10 further includes oppositely disposed first and 
second manifolds 18 and 20 at ends of the stack. The 
manifolds 18,20 fluidly communicate with flow headers, 
generally indicated at 21, formed by bosses 22 on each of the 
beaded plates 12. The heat exchanger 10 includes a fluid 
inlet tube 24 for conducting fluid into the heat exchanger 10 
formed in the first manifold 18 and a fluid outlet tube 25 for 
directing fluid out of the heat exchanger 10 formed in the 
first manifold 18, It should be appreciated that, except for the 
manifold 18, the heat exchanger 10 is conventional and 
known in the art. It should also be appreciated that the 
manifold 18 could be used for heat exchangers in other 
applications besides motor vehicles. 

Referring to FIGS. 1 and 2, the beaded plate 12, according 
to the present invention, extends longitudinally and is sub- 
stantially planar or flat. The beaded plate 12 includes a raised 
boss 22 on at least one end having at least one aperture 26 
extending therethrough. The apertures 26 form an inlet (not 
shown) and an outlet (not shown) spaced transversely and 
divided by a wall (not shown). The bosses 22 are stacked 
together such that the apertures 26 are aligned to form the 
flow header 21 to allow parallel flow of fluid through the 
channels 14 of the beaded plates 12, It should be appreciated 
that such flow headers 21 are conventional and known in the 
art. 

The beaded plate 12 includes a surface 28 being generally 
planar and extending longitudinally and laterally. The 
beaded plate 12 also includes a plurality of beads 30 
extending above and generally perpendicular to a plane of 
the surface 28 and spaced laterally from each other. The 
beads 30 are generally circular in shape and have a prede- 
termined diameter such as three millimeters. The beads 30 
have a predetermined height such as 1.5 millimeters. It 
should be appreciated that the beads 30 may have a generally 
frustoconical cross-sectional shape. It should also be appre- 
ciated that the beads 30 are formed in a plurality of rows, 
which are repeated, with each row containing a plurality of, 
preferably a predetermined number of beads 30 in a range of 50 
two to eleven. 

Hie beaded plate 12 is made of a metal material such as 
aluminum or an alloy thereof and has a cladding on its inner 
and outer surfaces for brazing. In the embodiment 
illustrated, a pair of the beaded plates 12 are arranged such 
that the beads 30 contact each other to form a plurality of 
flow passages 32 in the channel 14 as illustrated in FIG. 1. 
The beads 30 turbulate fluid flow through the channel 14. It 
should be appreciated that the beads 30 are brazed to each 
other. It should also be appreciated that the entire heat 
exchanger 10 is brazed together as is known in the art. 

Referring to FIGS. 1 and 2, the manifold 18, according to 
the present invention, has a plate 33 extending longitudi- 
nally and a first aperture 34 and a second aperture 36 spaced 
laterally and extending through the plate 33. The first 
aperture 34 forms a fluid inlet and communicates with the 
fluid inlet tube 24. The second aperture 36 forms a fluid 
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outlet and communicates with the fluid outlet tube 25. The 
first aperture 34 and second aperture 36 have approximately 
the same diameter. The manifold 18 also includes a restric- 
tion 38 in the fluid outlet to distribute the refrigerant flow 
more uniformly inside the flow header 21 for the heat 
exchanger 10. The restriction 38 is formed as a cross-shaped 
or plus-shaped member disposed in the second aperture 36 
forming the fluid outlet as illustrated in FIG. 2. The restric- 
tion 38 improves the core performance of the heat exchanger 
10 significantly with more uniform flow distribution of the 
refrigerant in the flow header area. The size of the restriction 
38 was determined using the data in FIGS. 5 and 6. This data 
was plotted as a function of the non-dimensional quantity: 

(Manifold Hydraulic Area without Restriction - 
Manifold Hydraulic Area with Restriction) 



Manifold Hydraulic Area without Restriction x 100 

It should be appreciated that the restriction 38 can be formed 
20 in the aperture 26 of the beaded plate 12. It should also be 
appreciated that the restriction 38 can be formed in either the 
fluid inlet or fluid outlet of the beaded plate 12 and/or 
manifold 18. It should further be appreciated that the restric- 
tion 38 is variable by modifying the restriction where 
25 desired for the beaded plates 12 and/or manifold 18 to even 
flow through the heat exchanger 10. It should still further be 
appreciated that the restriction 38 can be applied to both 
single and dual tank evaporator type heat exchangers. 
Referring to FIG. 3, another embodiment 110, according 
30 to the present invention, of the heat exchanger 10 is shown. 
Like parts of the heat exchanger 10 have like reference 
numerals increased by one hundred (100). In this 
embodiment, the heat exchanger 110 includes the manifold 
118 having the plate 133 extending longitudinally and a first 
35 aperture 134 and a second aperture 136 spaced laterally and 
extending through the plate 133. The first aperture 134 forms 
a fluid inlet and communicates with the fluid inlet tube 24. 
The second aperture 136 forms a fluid outlet and commu- 
nicates with the fluid outlet tube 25. The manifold 118 also 
40 includes a restriction 138 in the fluid outlet to distribute the 
refrigerant flow more uniformly inside the flow header 121 
for the heat exchanger 110. In this embodiment, the restric- 
tion 138 is formed as the second aperture 136 having a 
circular cross-sectional shape and a diameter less than a 
45 diameter of the first aperture 134 as illustrated in FIG. 3. The 
restriction 138 improves the core performance of the heal 
exchanger 110 significandy with more uniform flow distri- 
bution of the refrigerant in the flow header area. The size of 
the restriction 138 was determined using the data in FIGS. 
7 and 8. This data was plotted as a function of the non- 
dimensional quantity: 



55 



Manifold Hydraulic Area without Restriction - 
Manifold Hydraulic Area with Restriction 
Manifold Hydraulic Area without Restriction X 100 



It should be appreciated that the restriction 138 can be 
formed in the aperture 26 of the beaded plate 12. It should 
60 also be appreciated that the restriction 138 can be formed in 
either the fluid inlet or fluid outlet of the beaded plate 12 
and/or manifold 118. It should further be appreciated that the 
restriction 138 can be applied to both single and dual tank 
evaporator type heat exchangers. 
65 Referring to FIG. 4, yet another embodiment 210, accord- 
ing to the present invention, of the heat exchanger 10 is 
shown. Like parts of the heat exchanger 10 have like 
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reference numerals increased by two hundred (200). In this 
embodiment, the heat exchanger 210 includes the manifold 
218 having a plate 233 extending longitudinally and a first 
aperture 234 and a second aperture 236 spaced laterally and 
extending through the plate 233. The first aperture 234 forms 5 
a fluid inlet and communicates with the fluid inlet tube 24. 
The second aperture 236 forms a fluid outlet and commu- 
nicates with the fluid outlet tube 25. The manifold 218 also 
includes a restriction 238 in the fluid outlet to distribute the 
refrigerant flow more uniformly inside the flow header 21 10 
for the heat exchanger 210. In this embodiment, the restric- 
tion 238 is formed as a plurality of second apertures 236 
having a circular cross-sectional shape and a diameter less 
than a diameter of the first aperture 234. Preferably, the 
diameter of the second apertures 236 is approximately two 15 
millimeters to approximately five millimeters. Preferably, 
the radial distance between opposed second apertures 236 is 
approximately two millimeters to approximately eight mil- 
limeters as illustrated in FIG. 4. The restriction 238 
improves the core performance of the heat exchanger 210 20 
significantly with more uniform flow distribution of the 
refrigerant in the flow header area. It should be appreciated 
that the restriction 238 can be formed in the aperture 26 of 
the beaded plate 12, It should also be appreciated that the 
restriction 238 can be formed in either the fluid inlet or fluid 25 
outlet of the beaded plate 12 and/or manifold 218. It should 
further be appreciated that the restriction 238 can be applied 
to both single and dual tank evaporator type heat exchang- 
ers. 

Additionally, a method of making the heat exchanger 30 
10,110,210, according to the present invention, is disclosed. 
The method includes the step of providing a plate 33,133, 
233,12 extending longitudinally. The method includes the 
step of forming a first aperture 34,134,234,26 extending 
through the plate 33,133,233,12 as a fluid inlet and at least 35 
one second aperture 36,136,236,26 spaced laterally from the 
first aperture 34,134,234,26,126,226 and extending through, 
the plate 33,133,233,12 as a fluid outlet. The method also 
includes the steps of forming a restriction 38,138,238 in 
either one of the fluid inlet or fluid outlet. The step of 40 
forming is carried out by punching the apertures 34,134, 
234,36,136,236,26 and restriction 38,138,238 in the plate 
33,133,233,12 by conventional punching processes. It 
should be appreciated that the size of the apertures 34,134, 
234,36,136,236,26 could be such that they are relatively 45 
small, then progressively get bigger traveling down a length 
of the stacked beaded plates 12. 

Also, a method of making the heat exchanger 10, accord- 
ing to the present invention, is shown. The method includes 
the step of contacting first and second beaded plates 12 with 50 
each other to form the channel 14 therebetween and contact 
opposed beads 30 with each other to form the fluid flow 
passages 32 as illustrated in FIG. 1. The method includes the 
step of brazing a pair of the beaded plates 12 by heating the 
beaded plates 12 to a predetermined temperature to melt the 55 
brazing material to braze the bosses 22 and the beads 30 of 
the beaded plates 12 together. The pair of joined beaded 
plates 12 is then cooled to solidify the molten braze material 
to secure the bosses 22 together and the beads 30 together. 
The method includes the step of disposing fins 16 between 60 
joined pairs of the beaded plates 12 and brazing the fins 16 
and beaded plates 12 together. The method includes the steps 
of connecting the first and second manifolds 18 and 20 to the 
brazed fins 16 and beaded plates 12 and brazing them 
together to form the heat exchanger 10. 65 

The present invention has been described in an illustrative 
manner. It is to be understood that the terminology which 



has been used is intended to be in the nature of words of 
description rather than of limitation. 

Many modifications and variations of the present inven- 
tion are possible in light of the above teachings. Therefore, 
within the scope of the appended claims, the present inven- 
tion may be practiced other than as specifically described. 

What is claimed is: 

1. A heat exchanger comprising: 
a plate extending longitudinally; 

a manifold disposed adjacent the plate having a fluid inlet 

and a fluid outlet; and 
a plus-shaped member disposed in either one of said fluid 

inlet and said fluid outlet and forming a restriction to 

fluid flow through either one of said fluid inlet and said 

fluid outlet. 

2. A heat exchanger comprising: 

a plurality of generally parallel plates, pairs of said plates 
being joined together in a face-to-face relationship to 
provide a channel therebetween, the pairs of said plates 
being joined together and aligned in a stack; 

a plurality of fins attached to an exterior of said plates and 
disposed between each pair of said joined plates; and 

a manifold disposed at one end of the stack having a fluid 
inlet and a fluid outlet formed by a plurality of apertures 
spaced laterally and a plus-shaped member disposed in 
one of said apertures forming either one of said fluid 
inlet and said fluid outlet and forming a restriction to 
fluid flow through either one of said fluid inlet and said 
fluid outlet. 

3. A method of making a heat exchanger comprising the 
steps of: 

providing a plate extending longitudinally: 

providing a manifold having a fluid inlet and a fluid outlet 

to be disposed adjacent the plate; and 
forming a plus-shaped member in either one of the fluid 

inlet or fluid outlet and forming a restriction to fluid 

flow through either one of the fluid inlet or the fluid 

outlet. 

4. A method as set forth in claim 3 wherein said step of 
forming comprises forming one of the apertures forming 
either one of the fluid inlet or the fluid outlet with a generally 
circular cross-sectional shape. 

5. A method of making a heat exchanger comprising the 
steps 

providing a plurality of generally parallel plates, pairs of 
the plates being joined together in a face-to-face rela- 
tionship to provide a channel therebetween, the pairs of 
the plates being joined together and aligned in a stack; 

providing a manifold having a fluid inlet and a fluid outlet; 

providing a restriction in either one of the fluid inlet and 
fluid outlet by forming a plus-shaped member in either 
one of the fluid inlet or the outlet and disposing the 
manifold at either end of the stack; 

providing a plurality of fins to be attached to an exterior 
of the plates and disposing the fins between each pair 
of the joined plates; and 

joining the fins and pairs of joined plates and manifold 
together to form the heat exchanger. 

6. A method as set forth in claim 5 wherein said step of 
forming comprises forming one of the apertures forming 
either one of the fluid inlet or the fluid outlet with a generally 
circular cross-sectional shape. 
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